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Design and experimental research of four-channel
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Abstract:  Since dynamic X-ray fluorescence imaging technology requires diagnostic equipment which has
high throughput and narrow spectral width, we present the design of four-channel spherically bent crystal ima-
ging system. The system adopts a cone spatial configuration to solve the problem of multiple channel coupling.
With the size limit of framing camera taken into account, the images are reasonably planned by adjusting the po-
sition of bent crystal. We utilize Ge 400 crystal as the imaging component at 4. 51 keV and then propose optical
initial structural parameters of system. Grid backlit images of single channel are obtained by using X-ray tube in
the laboratory. The magnification is 7. 8, and the spatial resolution is 15 pm. The results preliminarily verify
the performance of system. The four-channel system combined with the framing camera can effectively solve the
technical difficulties such as weak signal and low signal to noise ratio in dynamic fluorescence imaging.

Key words:  spherically bent crystal; dynamic X-ray fluorescence imaging; monochromatic imaging;
spatial resolution
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Table 1 Parameters of four-channel spherically bent crystal imaging system

E/ keV crystal 2d/nm 0/ L/mm B/ R/mm p/mm @m/mm
4.51 Ge(400) 0.282 8 76.4 10 30 250 141 878
q./mm q/mm M Ad/mm a; /(%) ar /(%) a; /(*) a, /(%)
1463 1102 7.8 10 —0.29 0.29 —0. 87 0. 87

BRGNP OL R RGE . SR TS FEEE 0 R e, R I, e RIS SE 50w R X BT R AT
FHU(XRD) S Ge(400) fh iR i FE £ MEAT TN B . 45 R A 3 s, 2k S 58 FWHM 4 0. 051°, B B iF
B35 4> BERE 11 A5 & B AR 750K .

3 BEXW

TESEI 3 A0 T R T 56 T A 205 W 5 01 BP0 50 3 R T 25 IS S L T T A DU S G R 4 1 AR
AE. DS ge % h oI A O T T3 77 A 2 6 i I FH 37 55t o DRI SR FH X A 0 75 O i AG 1 O KT T a0 BE R
T 0 336 A O IR K5 9251 1 RO AR HE L 3 O U R S B N 2 X R B O 2 R 7 A L G R4 TR

052001-3



oo ot 5 s TR

0.12 bent image
crystal plane
7 object

source

| backlighter " — ——
| system

reflectivity

S o o ©°
(=) (=] S —
S (o)) o (=)
1 1 1 1

FWHM=0.051° |
i
0.02 1 4 self-emission /
imager V\
0 T T T T ¥ T T
-0.20 -0.10 0 0.10 0.20 !
relative Bragg angle / (°) Pl q
Fig. 3 XRD test result of Ge(400) Fig. 4 Comparison between the backlighter system
& 3 Ge(400) ik XRD i 4% and self-emission imager

B4 TR R SR R AR R B 1K
1A ECRAR R G AR R L R G E LR B TR AR R AR, X TR RUE RGNS Lt
R /N A B 5 6 TR B0 4 o5 O BE B BR A T SRR A S PR TAE IR, S 8T ARG e LA/ T ik i fs, X Fl
2R EWE T ERR RGN A H o PR T A R R G R BN, R RCRAK . PR & 7 U
WK R ERA —BUE, FEE LA B i e SO A R 0y . R RS 1506 R T 3 g g
BEM AN B SR L,

FESCH o, R BT 1 Ti 80 X FZO6E, PR TR SE 56 . S50 R 9 J2 U 42 BRI A L 43 ) 2 # 150,
#200, #300, #400 H Cu M, M FEHR 10 pm, HTREEGEH CCD TAEEF R 9.0 mmX6.7 mm, R E T
M 6.45 pm, SLEG L FE T R AT AR X S ZOGE W E AR R B O ORI R A e . TR R
G5 R 2 TAETE 76. 4°1 Ge(400) BRI A5 &, A7 HA% A A T3 /IN AR OB T 52 ) 28 58 WA 5T o2 o hy Gt 1) I
. N TS T RGNS TERE 0 BITE T 548 VIR FR 48 DL R A T W0 & 22 8] 1 B8 fe A — 28 % o7 2 1k
17 7B AR A R & 5 s . # CCD CE FEREE Dy 878 mm Ab, BUEE IS F (Y 74 SR 2 i, FE R A% (€115
WE 5 R, WEH AT LA L A& T, 540 07 BT R0 R AR IR T ) JL P 3o R 45 Rtk B
REH 2B H MM LR, I CCDJL B AE AR IE 1463 mm By 07 B, BIBRIE b 9 9o A2 2k d , H 9 A% (R4 4 1815 (b)

(a) image at meridional focus (b) image at sagittal focus

2200

2000+ spatial resolution / um 7
1800 10%-90% criterion

16004
1400+
1200+
1000+
800
600

intensity

0 100 200 300 400 500 600 700
distance / pm
(c) image at design position

Fig.5 Imaging result of single channel

PR 5 BN T A IR 2 R

052001-4



Py RREEAR DU 8 BR T A AR R BT B S R g

Jis o Bemt, HBEHT A BKP A% 2 L 3 U B R R G0 AE 170 J5 Il R AR 022 (BRI 5 1] AT R 1) 2R 45
HOR .l RS TR LM fR AR B RS OCR 5 BE — B, 7R BEIERR bR RIS R AE T 1102
mm A, BPERE bR T AR AR A B I G A T ORI BE E  Ai A 8] 5 (o) B . 5 Z R[] 7R 2 i T
AT RLITR A DL AR AR L TR P 4R BE AR AT R R RO . O TR R AR S R T X O
FUH T 425 18] 23 BT T 1, B 1000 ~90 Do bt ), R P38 R 23 A 7T LA 2 9 05 25 [ 43 BE AR 15 pm,
BN TR AT RN 7.8 4.

4 & it

EEXTah A X SR 2 e R 7R AR SCEE T DUl GE BR S SRR R E R TR i T RSN
SEEE RN R T RGN LG B E— R R, R T Ge (40 PESN TAE f K, TR I
Feflh LA T RIRES R SE TR E R A R X 048 X S 5 ' AR 0 77 O B i 8 E AT
TR SE . AF FEOR Fe A AR R A L A5 BT A MR R, R 15 pm A2, SR ZE SR BUS AR A
R T RALES I & B T A

S E 3Lk

[1] Lindl J D, Amendt P, Berger R L, et al. The physics basis for ignition using indirect-drive targets on the National Ignition Facility[ ]].
Physics of Plasmas, 2004, 11(2): 339-491.

[2] Rfeig, B3CFH, L. % WOL T E LK g b bas A-2 B Aot sc s s pr (1], mE0E SR F 0, 2015, 27 032009. (Wu
Junfeng, Miao Wenyong, Wang Lifeng, et al. Experimental analysis of indirect-drive ablative Rayleigh-Taylor instability on Shenguang 1[I .
High Power Laser and Particle Beams, 2015, 27: 032009)

[3] WEAR. BRIAE, BRE, 45, BOGE H K S 5 249 R AL iy B S0 B9 [0, 3RO SR F 3R, 2015, 27 032015, (Pu Yudong, Chen
Bolun, Huang Tianxuan, et al. Experimental studies of implosion physics of indirect drive inertial confinement fusion. High Power Laser
and Particle Beams, 2015, 27: 032015)

[4] Yamamoto K, Watanabe N, Takeuchi A, et al. Mapping of a particular element using an absorption edge with an X-ray fluorescence imaging
microscope[ ] ]. Journal of Synchrotron Radiation, 2000, 7(1): 34-39.

[5] Patton ] A. X-ray fluorescence imagingl M]. US: Springer, 1980: 229-235.

[6] LiY, MuB, Xie Q. et al. Development of an X-ray eight-image Kirkpatrick-Baez diagnostic system for China’s laser fusion facility[ J]. Ap-
plied Optics, 2017, 56(12): 3311-3318.

[7] Koch]J A, Landen O L, Barbee T W, et al. High-energy X-ray microscopy techniques for laser-fusion plasma research at the National Igni-
tion Facility[J]. Applied Optics. 1998, 37(10): 1784-1795.

(8] ZEWf, B, PRk, % BOt%HE T2 Wolter B X T4 BB M BEFI]. #MMOE S8 7 H, 2018, 30: 062002, (Li Yaran, Xie
Qing, Chen Zhigiang, et al. Optical design of Wolter X-ray microscope for laser plasma diagnostics. High Power Laser and Particle Beams,
2018, 30: 062002)

[9] Stoeckl C. Delettrez ] A, Epstein R, et al. Soft X-ray backlighting of direct-drive implosions using a spherical crystal imager on OMEGA
[J]. Review of Scientific Instruments, 2012, 83: 10E501.

[10] Stoeckl C, Fiksel G, Guy D, et al. A spherical crystal imager for OMEGA EP[]J]. Review of Scientific Instruments, 2012, 83; 033107.
[11] IR, U E, 50, %, ZMg3 80 ad bRl B3 Sk 73, 2011, 23(9): 2275-2276. (Liu Lifeng, Xiao Shali, Qian
Jiayu, et al. Monochromatic backlight imaging on Z-pinch facility. High Power Laser and Particle Beams, 2011, 23(9) . 2275-2276)

[12] BEMAfE. H8T. Hibde, % RS HAE MG L] SR SR 738, 2013, 25(3): 641-645. (Chen Bolun, Wei Minxi. Yang
Zhenghua, et al. Character of backlight imaging based on spherically bent crystal. High Power Laser and Particle Beams, 2013, 25(3):
641-645)

[13] skimam, Bk, Hillfe, 4 TR TF2ER 6 X FRRERERII]. 63, 2016(12): 324-329. (Zhang Qianggiang, Wei Lai,
Yang Zuhua, et al. Monochromatic X-ray imaging technology for diagnostics of hot electrons. Acta Optica Sinica, 2016(12): 324-329)

[147] Howells. Mirrors for synchrotron-radiation beamlines] M]. Netherlands: Springer, 1994 359-385.

[15] Koch J A, Aglitskiy Y, Brown C, et al. 4.5- and 8- keV emission and absorption X-ray imaging using spherically bent quartz 203 and 211
crystals[J]. Review of Scientific Instruments, 2003, 74(3): 2130-2135.

[16] Schollmeier M S, Geissel M, Shores ] E, et al. Performance of bent-crystal X-ray microscopes for high energy density physics research[J].
Applied optics, 2015, 54(16): 5147-5161.

[17] Koch J A. Imaging crystal/spectral line search[J]. Office of Scientific & Technical Information Technical Reports, 1998.

[18] Schollmeier M S, Loisel G P. Systematic search for spherical crystal X-ray microscopes matching 1-25 keV spectral line sources[ J]. Review
of Scientific Instruments, 2016, 87 123511.

[19] Xie Q, Mu B, Li Y, et al. Development of high resolution dual-energy KBA microscope with large field of view for RT-instability diagnos-
tics at SG-111 facility[J]. Optics Express, 2017, 25(3): 2608.

052001-5



